Background--Diabetes mellitus is a risk factor for cardiovascular disease (CVD) and has been associated with 2-to 4-fold higher mortality. Diabetes mellitus-related mortality has not been reassessed in individuals receiving routine care in the United States in the contemporary era of CVD risk reduction.
D
iabetes mellitus affects nearly 10% of adults in the United States, 1,2 is a significant risk factor for cardiovascular disease (CVD), chronic kidney disease, and numerous other complications, 3 and is associated with all-cause and CVD mortality. [4] [5] [6] [7] [8] Indeed, myocardial infarction is the leading cause of death among individuals with diabetes mellitus. 4 Accordingly, the clinical care of patients with diabetes mellitus has 2 broad goals: improving glycemic control to reduce diabetic complications 9-11 and modifying risk factors for complications, in particular those associated with CVD.
12
Observational studies preceding contemporary CVD risk reduction strategies reported 3-to 4-fold higher all-cause and CVD mortality in participants with diabetes mellitus compared with those without diabetes mellitus. [13] [14] [15] [16] More recently, analyses of the National Health and Nutrition Examination Survey and the National Health Interview Survey demonstrated reductions in CVD mortality in individuals with and without diabetes mellitus in the United States across successive survey periods spanning the 1970s to 2000, suggesting temporal improvements in overall CVD care. 5, 6 Similarly, analyses of diabetes mellitus-related care in the United States showed improvements in CVD risk factor control and preventive practices from 1990 to 2010, 17 as well as declines in the rates of diabetes mellitus-related complications. 18 In Europe, recent studies using clinical registry data have provided contemporary estimates of diabetes mellitus-related mortality in the context of national health systems in several European nations. 7, 8, [19] [20] [21] These studies demonstrate improved but persistent diabetes mellitus-related excess mortality despite improvements in CVD risk factor management. An analysis aimed at updating estimates of diabetes mellitus-related mortality for patients receiving routine clinical care in the United States is needed. This study evaluated the association between type 2 diabetes mellitus and all-cause and CVD mortality, accounting for CVD risk factors, in a large, national contemporary US cohort receiving care in an integrated healthcare system. We also examined the association between hemoglobin A1c (HbA1c) and mortality among individuals with diabetes mellitus, whether this association varied by CVD history or age, and its stability over short-and long-term time horizons. Understanding the relationships between diabetes mellitus status and HbA1c with all-cause and CVD mortality in a contemporary healthcare setting in the United States could inform optimal CVD risk reduction and diabetes mellitus management strategies.
Methods
The data and all statistical code that support the findings of this study are available on reasonable request to the corresponding author. Because of the sensitive nature of the clinically derived data collected for this study, requests for data must be from qualified researchers with approved human subjects research protocols.
Study Population
This study included individuals receiving routine primary care in the US Department of Veterans Affairs Healthcare System (VA), defined as those who had at least 4 VA primary care provider visits from 2002 through 2003. We included individuals for whom diabetes mellitus status could be established and for whom baseline age, sex, race, ethnicity, non-high-density lipoprotein cholesterol, systolic blood pressure (SBP), smoking status, body mass index (BMI), and at least 3 random plasma glucose values were available in 2002 to 2003 ( Figure S1 ). Because the study involved only secondary analysis of data collected routinely in the course of clinical care, the requirement for informed consent from study participants was waived. The Institutional Review Boards of Emory University (Atlanta, GA) and VA Boston Healthcare System (Boston, MA) approved this study.
Exposures
The primary exposure was diabetes mellitus status, defined as ≥2 uses of International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) diagnosis code 250.xx or ≥1 use of code 250.xx in conjunction with a primary care provider visit and use of a diabetes mellitus medication during 2002 to 2003. For analyses of HbA1c, values measured during the 2002 to 2003 enrollment period were included, and the value closest in time to measurements of covariates (eg, SBP) was used for individuals with multiple HbA1c measurements. Prior studies suggested that the association between HbA1c and mortality is nonlinear, 22 so we specified HbA1c in clinically relevant categories: <6.0%, 6% to 6.9%, 7% to 7.9%, 8% to 8.9%, and ≥9.0%.
Outcomes
The coprimary outcomes were all-cause mortality and CVD mortality. Deaths occurring during the first 2 years of followup were censored. Mortality data were based on the National Death Index 23 through 2014, classified into 10 cause-of-death categories: CVD, cancer, chronic obstructive pulmonary disease, diabetes mellitus, chronic kidney disease, infection, mental illness, abnormal/accident, other chronic diseases,
Clinical Perspective
What Is New?
• In this national cohort of US adults, diabetes mellitus was associated with a 16% increase in all-cause and an 18% increase in cardiovascular mortality.
• Among those with diabetes mellitus, a hemoglobin A1c of 6% to 6.9% was associated with lowest mortality, irrespective of age or prior cardiovascular disease.
• Diabetes mellitus-related excess mortality is lower than found in studies from the 1980s and 1990s.
What Are the Clinical Implications?
• Diabetes mellitus remains associated with increased mortality, but the association is attenuated by cardiovascular risk factor control.
• A hemoglobin A1c of 6% to 6.9% was associated with the lowest mortality among those with diabetes mellitus in a national, integrated healthcare system. • Hemoglobin A1c is associated with mortality, irrespective of a causal mechanism, so it remains an informative marker of risk for patients with diabetes mellitus.
and all other causes. CVD mortality was defined in the National Death Index as ICD-10-CM codes I00 to I02, I05 to  I13, I20 to I22, I24 to I28, I30 to I38, I40, I42, I44 to I51, I60  to I63, I67 to I74, I77 to I78, I80 to I87, I89, I95, I97, I99,  M30, M31, R58, G45 , and R00 for the primary cause-of-death diagnosis.
Stratifying Variables
We performed analyses stratified by CVD status at baseline, defined as inpatient or outpatient diagnosis of stroke/ cerebrovascular disease (ICD-9-CM diagnosis codes 430-438), coronary artery disease (ICD-9-CM diagnosis codes 410-414), peripheral vascular disease (ICD-9-CM diagnosis codes 440.2-440.4 or 443.9), or congestive heart failure (ICD-9-CM diagnosis code 428). We also performed analyses stratified at age 65 years, the mean for the study population.
Statistical Analysis
Patient-level demographics, CVD risk factors, and comorbidities were compared between individuals with and without diabetes mellitus using v 2 tests for categorical data and 2-sample t tests for continuous or ordinal data. We used crude and adjusted incidence rates and multivariable Cox proportional hazards regression to examine mortality risk across diabetes mellitus and HbA1c categories. To standardize covariates across exposure categories, we estimated adjusted incidence rates using generalized linear models with the Poisson link, using inverse probability weighting by propensity for exposure category. Adjusted incidence rate and multivariable Cox proportional hazards models included demographic variables (baseline age, sex, race, and ethnicity) and baseline CVD risk factors (SBP, non-high-density lipoprotein cholesterol, BMI, and smoking status). Smoking status was determined using an algorithm developed for VA electronic health records that classifies individuals as ever or never smokers. 24 We performed Cox proportional hazards regression with 3 additional models: one including prior CVD; a second including baseline random plasma glucose; and a third including baseline diabetes mellitus treatment (classified as no medications, insulin-containing regimens, and regimens without insulin) and baseline blood pressure treatment (prescribed or not prescribed a diuretic, b blocker, angiotensin-converting inhibitor or angiotensin receptor blocker, or calcium channel blocker). For all Cox proportional hazards models with CVD mortality as the outcome, we used cumulative incidence function methods to account for competing risk from mortality attributable to noncardiovascular causes. 25 To determine if the association between baseline HbA1c and mortality differed over time, we repeated the multivariable Cox models with HbA1c as a time-dependent variable, evaluating the association of HbA1c with mortality in the first 2 to 5 years of follow-up and at >5 years of followup. Finally, to assess differential associations between HbA1c and outcomes for patients in different age strata, we included an interaction term between HbA1c and age, categorized as <65 or ≥65 years. We used a significance threshold of P<0.05 for associations of diabetes mellitus status or HbA1c with mortality outcomes. All analyses were conducted in SAS Enterprise Guide 7.1 (SAS Inc, Cary, NC) or R, version 3.3 (R Foundation for Statistical Computing, Vienna, Austria).
Results
Of 963 648 total participants, 329 624 (34%) had diabetes mellitus. Mean follow-up time was 8 years. Participants with diabetes mellitus were more likely to be black (17.1% versus 14.5%), were more likely to have prior CVD (51.6% versus 40.3%), were more likely to have chronic kidney disease (3.1% versus 1.3%), and had a higher BMI (31.3 versus 28.8 kg/ m 2 ). There were minor differences between patients with and without diabetes mellitus in most other variables examined (Table 1) . Participants with diabetes mellitus had a mean HbA1c of 7.4% at baseline, and the distribution of covariates across HbA1c categories is shown in Table S1 . CVD was the most common cause of mortality, with cancer ranking second, and diabetes mellitus ranking the third most common primary cause of death among individuals with diabetes mellitus (Table S2) .
Diabetes Mellitus and Mortality
Individuals with diabetes mellitus had higher crude and adjusted incidence rates of all-cause and CVD mortality (all- Figure 1A , Table S3 , model A). Differential adjusted all-cause and cardiovascular mortality between those without and with diabetes mellitus was evident over the entire follow-up period ( Figure 1B ). Diabetes mellitus was associated with higher all-cause and CVD mortality in individuals with and without prior CVD, but a history of CVD had a larger effect on mortality than diabetes mellitus status ( Figure 1C , Table S3 , model A). In addition, the adjusted risk differences (95% CIs) in all-cause and CVD mortality between those with and without diabetes mellitus were greater in those with prior CVD (9.5 [9.0-10.0] and 4.0 Table S3 , model B). In Cox proportional hazards regression models, the risk of all-cause and CVD mortality was higher in individuals with diabetes mellitus than in those without diabetes mellitus ( Table 2 ). The association between diabetes mellitus and Figure 1 . Association between diabetes mellitus and mortality. Diabetes mellitus is associated with higher all-cause and cardiovascular mortality.
A, Incidence rate of mortality in unadjusted models and with adjustment for age, sex, race, ethnicity, body mass index (BMI), non-high-density lipoprotein (non-HDL) cholesterol, systolic blood pressure, and smoking status. B, Estimated survival probabilities of all-cause and cardiovascular mortality in individuals without and with diabetes mellitus in models adjusted for age, sex, race, ethnicity, BMI, non-HDL cholesterol, systolic blood pressure, and smoking status (outcomes occurring in the first 2 years of follow-up were censored). C, Diabetes mellitus is associated with increased incidence of all-cause and cardiovascular mortality in individuals without and with prior cardiovascular disease (CVD . In models adjusted for CVD risk factors and additionally for glycemia or for baseline diabetes mellitus and blood pressure treatment, a history of CVD was a stronger predictor of all-cause and CVD mortality than diabetes mellitus (Table S4 ).
HbA1c and Mortality
Among individuals with diabetes mellitus, individuals with HbA1c 6% to 6.9% had the lowest crude and adjusted incidence of all-cause and CVD mortality, and the incidence of all-cause and CVD mortality increased with successive HbA1c categories ≥7% ( Figure 2A , Table S5 ). Incremental increases in all-cause and CVD mortality were greater with each increment in HbA1c ≥7% in individuals with prior CVD than in those without ( Figure 2B , Table S5 ). HbA1c <6% was associated with higher all-cause mortality relative to HbA1c 6% to 6.9% irrespective of CVD history, and with higher CVD mortality only in individuals without prior CVD ( Figure 2B , Table S5 ). In Cox proportional hazards models adjusted for age, sex, race, ethnicity, BMI, non-high-density lipoprotein cholesterol, SBP, smoking status, CVD history, and baseline diabetes mellitus and blood pressure medications, we observed a Figure 2C ). However, HbA1c was less strongly predictive of mortality at >5 years versus at 2 to 5 years for all HbA1c categories relative to HbA1c 6% to 6.9% ( Figure 2C , Table S6 ). In competing risk models, short-term CVD mortality risk was 10%, 27%, and 48% higher in individuals with HbA1c 7% to 7.9%, 8% to 8.9%, and ≥9%, respectively, compared with those with HbA1c 6% to 6.9% ( Figure 2C ). The corresponding longterm CVD mortality risks were 6%, 14%, and 41% higher in individuals with HbA1c 7% to 7.9%, 8% to 8.9%, and ≥9%, respectively, compared with those with HbA1c 6% to 6.9% ( Figure 2C , Table S6 ). HbA1c <6% was associated with higher all-cause mortality compared with HbA1c 6% to 6.9% over short-and long-term follow-up times but was associated only with higher short-term CVD mortality ( Figure 2C , Table S6 ). We observed similar patterns of association between HbA1c ≥7% and all-cause and CVD mortality in individuals with and without prior CVD, although the HRs increased more steeply below and above a reference of HbA1c 6% to 6.9% in those without prior CVD, and HbA1c <6% was associated with higher CVD mortality only in individuals without prior CVD ( Figure 2D , Table S6 ).
Subgroup Analyses
In age-stratified analyses, individuals ≥65 years of age at baseline had higher incidence of all-cause and CVD mortality. In both age groups, the lowest incidence rates of mortality were observed for those with HbA1c 6% to 6.9%, and mortality increased with increasing HbA1c ( Figure 3A , Table S7 ). The adjusted risk differences associated with increasing HbA1c categories were greater in older than in younger individuals in crude and adjusted models ( Figure 3B , Table S7 ). In Cox proportional hazards models, there was a significant interaction between age and HbA1c category and both all-cause and CVD mortality (interaction P<0.0001 for both outcomes). In contrast to the results on the risk difference scale, the relative hazard of CVD mortality increased more steeply with increasing HbA1c categories ≥7% in individuals <65 years of age than in those ≥65 years of age ( Figure 3C , Table S8 ). HbA1c <6% was associated with higher all-cause mortality than HbA1c 6% to 6.9% in both age groups, and with higher short-term CVD mortality only in those ≥65 years ( Figure 3C , Table S8 ). As in the unstratified analysis, baseline HbA1c was more strongly associated with short-term mortality than long-term mortality.
Discussion
In this study of individuals receiving care in an integrated national healthcare system, we found that diabetes mellitus Association between hemoglobin A1c (HbA1c) and mortality. HbA1c is associated with all-cause and cardiovascular mortality after accounting for modifiable cardiovascular disease (CVD) risk factors. A, Incidence rate of all-cause and cardiovascular mortality across categories of baseline HbA1c in models adjusted for age, sex, race, ethnicity, body mass index (BMI), non-high-density lipoprotein (non-HDL) cholesterol, systolic blood pressure, smoking status, and diabetes mellitus and blood pressure treatment. B, Adjusted risk difference of all-cause and cardiovascular mortality, relative to individuals with HbA1c 6% to 6.9%, in individuals across categories of baseline HbA1c, stratified by baseline CVD history. Association between HbA1c category and short-and long-term all-cause and cardiovascular mortality in Cox proportional hazards models, adjusted for age, sex, race, ethnicity, BMI, non-HDL cholesterol, systolic blood pressure, smoking status, CVD history, and diabetes mellitus and blood pressure treatment (C), and stratified by CVD history (D).
was independently associated with all-cause and CVD mortality even after adjusting for CVD risk factors. Relative to unadjusted models, the association between diabetes mellitus and mortality was modestly attenuated when accounting for prior CVD and nearly completely attenuated when adjusting for random plasma glucose levels or diabetes mellitus and blood pressure treatment. In contrast to older studies that described 3-to 4-fold excess mortality associated with diabetes mellitus, [13] [14] [15] [16] in our contemporary US cohort, diabetes mellitus was associated with only an 18% increase in CVD mortality in models adjusted for other CVD risk factors. Among individuals with diabetes mellitus, we found all-cause and CVD mortality risk were lowest in individuals with HbA1c between 6% and 6.9%, all-cause mortality risk was higher in those with HbA1c <6%, and both allcause and CVD mortality increased with HbA1c ≥7% in all participants and in analyses stratified by age or CVD history. Figure 3 . Age-stratified association between hemoglobin A1c (HbA1c) and mortality. Association between HbA1c and mortality accounting for modifiable cardiovascular disease risk factors and stratified by baseline age (<65 or ≥65 years). A, Incidence rate of all-cause and cardiovascular mortality across categories of baseline HbA1c in individuals <65 and ≥65 years of age, adjusting for age, sex, race, ethnicity, body mass index (BMI), non-high-density lipoprotein (non-HDL) cholesterol, systolic blood pressure, smoking status, and diabetes mellitus and blood pressure treatment. B, Adjusted risk difference of all-cause and cardiovascular mortality, relative to individuals with HbA1c 6% to 6.9%, in individuals across categories of baseline HbA1c, stratified by age at baseline. C, Association between HbA1c category and short-and long-term all-cause and cardiovascular mortality in Cox proportional hazards models, adjusted for age, sex, race, ethnicity, BMI, non-HDL cholesterol, systolic blood pressure, smoking status, cardiovascular disease history, and diabetes mellitus and blood pressure treatment, stratified by baseline age.
Furthermore, this pattern of association was observed over both short (2-5 years) and long (>5 years) follow-up times.
Finally, there was a significant interaction between HbA1c and age group, but similar qualitative patterns of association between HbA1c and mortality in individuals younger and older than 65 years of age. This study, set in a national, clinically-derived cohort in the United States, supports prior work in European populations demonstrating that contemporary individuals with type 2 diabetes mellitus are at excess risk of mortality. 7, 8, [19] [20] [21] 26 We extend the prior literature by demonstrating that accounting for CVD risk factors diminishes the association of diabetes mellitus with mortality, and that the association is nearly completely attenuated by further adjustment for glucose levels or treatment. Overall, diabetes mellitus had a smaller association with mortality in our study than in recent cohort studies based in Europe and elsewhere 7, [13] [14] [15] [16] 19, 21 and studies before the broad adoption of CVD risk factor reduction. 14, 16 In contrast to a recent study set in Denmark, 27 we found that diabetes mellitus was a significant predictor of mortality, even in individuals without prior CVD. Among those with diabetes mellitus, glycemia appears to be a risk factor for all-cause and CVD mortality independent of other modifiable CVD risk factors, a finding in this US clinical cohort that mirrors data from a Swedish national registry. 8 Taken together, our results suggest that improvements in diabetes mellitus care in the United States 17, 18 are reflected in improvements in diabetes mellitus-related mortality, supported by the attenuation of the association between diabetes mellitus and mortality after accounting for risk factor levels and treatment. There has been recent attention to potential diabetes mellitus overtreatment, particularly among older patients. [28] [29] [30] [31] [32] [33] However, we found that HbA1c <6% was associated with higher all-cause mortality irrespective of age and that optimal outcomes occurred among those with HbA1c between 6% and 6.9%. A greater absolute benefit but diminishing relative benefit was accrued with better baseline glycemia by those ≥65 years of age than in younger individuals. The analyses stratified by CVD history mirrored the age-stratified results. Individuals in the higher-risk subgroup (those with prior CVD) had greater absolute mortality risk reductions but smaller relative risk reductions, comparing HbA1c 6% to 6.9% with higher HbA1c categories. The stratified analyses suggest that achieving HbA1c 6% to 6.9% is associated with lower short-and long-term mortality in those for whom glucose lowering is safe.
Our study has several limitations. First, causal inferences are limited by our observational design, and we cannot estimate the influence of unmeasured confounders, including social factors, such as socioeconomic status or family history of CVD. However, our analysis included many covariates and clinical risk factors, and the findings were consistent over short-and long-term follow-up, suggesting that the associations between HbA1c and mortality are unlikely to be attributable solely to time-varying confounding events. Second, this study focused on associations of a single baseline measurement of exposures and covariates with mortality. Because we did not examine changes in risk factors or treatment over time, we were unable to draw conclusions about the effects of longitudinal risk factor control and clinical outcomes. Similarly, because our study aimed to estimate associations of baseline diabetes mellitus status and glycemic control with mortality, our study design did not permit evaluation of associations between specific treatments and clinical outcomes. Third, we included >27 000 women, but the study population was predominantly male. Finally, external validity to the general US population may be limited given that our study was limited to patients receiving primary care through the VA, who are older, who are more likely to be men, and who have more comorbidities than counterparts receiving care outside the VA.
Our study has several clinically relevant implications. First, diabetes mellitus prevention could impact long-term mortality in individuals at risk for CVD, especially in those with a history of CVD, and should continue to be included along with smoking cessation, blood pressure control, and lipid management as the basis for CVD prevention. Second, diabetes mellitus-related mortality appears to be substantially reduced now that CVD risk factor control is the standard of care, and diabetes mellitus and prior CVD should no longer be considered equivalent risk factors for CVD mortality. In fact, the attenuation of the association between diabetes mellitus and mortality after accounting for prior CVD, CVD risk factors, and diabetes mellitus control or treatment suggests that excess diabetes mellitus-related mortality may be largely preventable with improved treatment and risk factor management. Third, the association of HbA1c <6% with higher mortality in our national cohort mirrors that observed in other clinical settings 22, 33 and supports the notion that overly intensive glycemic control could be associated with adverse outcomes. Finally, each 1% increment in HbA1c ≥7% was associated with higher short-and long-term all-cause and CVD mortality, irrespective of age category or CVD history.
Although the results of our observational study might suggest that HbA1c 6% to 6.9% or, alternatively, the lowest safely achievable HbA1c level >7% could be considered as a target for management of patients with diabetes mellitus, this conclusion has not been supported by randomized trials failing to demonstrate a macrovascular benefit of intensive glycemic control compared with standard glycemic targets. [34] [35] [36] Rather, even in the absence of a causal association between lower HbA1c and mortality, HbA1c may be an informative marker of important clinical outcomes in individuals with diabetes mellitus and may serve to identify individuals at higher or lower risk of mortality, even after accounting for other CVD risk factors. 11 (7, 16) 11 (7, 16) 11 (7, 15) 11 (7, 16) 11 (7, 16) <0.001 Follow-up time, mean ± SD (years) 9.0 ± 2.9 9.0 ± 2.8 8.9 ± 2.9 8.9 ± 2.9 9.0 ± 2.9 <0.001 Table S6 . Hazard ratios for all-cause and cardiovascular mortality across levels of HbA1c over short-and long-term follow-up times, stratified by baseline cardiovascular disease. 
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